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(57) Abstract 



The present invention provides a method and apparatus that plates/deposits a conductive material on a semiconductor substrate (2) and 
then polishes the same substrate (2). This is achieved by providing multiple chambers (100, 200) in a single apparatus, where one chamber 
(100) can be used for plating/depositing the conductive material and another chamber (200) can be used for polishing the semiconductor 
substrate. The plating/depositing process can be performed using brush plating or electrochemical mechanical deposition and the polishing 
process can be performed using electropolishing or chemical mechanical polishing. The present invention further provides a method and 
apparatus for intermittently applying the conductive material to the semiconductor substrate (2) and also intermittently polishing the substrate 
(2) when such conductive material is not being applied to the substrate (2). Furthermore, the present invention provides a method and 
apparatus that plates/deposits and/or polishes a conductive material and improves the electrolyte mass transfer properties on a substrate (2) 
using a novel anode assembly. 
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METHOD AND APPARATUS FOR PLATING 
AND POLISHING A SEMICONDUCTOR SUBSTRATE 

Field of the Invention 

5 This invention relates to a method and apparatus for plating and polishing a conductive material 

on a semiconductor substrate. More particularly, the invention is directed to a method and apparatus 
for first plating and then polishing the conductive material on the semiconductor substrate using a 
single apparatus. Moreover, the invention is directed to a method and apparatus for intermittently 
applying the conductive material to the semiconductor substrate and also intermittently polishing the 
10 substrate when such conductive material is not being applied to the substrate. Also, the invention 
provides a method and apparatus that plates/deposits and/or polishes a conductive material on a sub- 
strate surface using a novel pad assembly. 

Background of the Invention 

15 A conventional process step in the manufacturing of integrated circuits and devices involves 

plating a metal layer on a semiconductor wafer surface using a plating apparatus. Typically, the 
wafer surface has been previously etched and contains many holes and/or trenches. One goal of 
wafer plating is to uniformly fill the holes and trenches with a conductive material. However, it is 
very difficult to uniformly fill the holes and trenches such that no voids exist. It is well known that 

20 the existence of the voids results in poor performance and defective devices. After such plating step, 
a polishing step is typically performed using a polishing apparatus to achieve a generally planar 
surface on the wafer. 

Plating the wafer surface with the conductive material over a seed metal layer has important 
and broad application in the semiconductor industiy. Traditionally, aluminum and other metals are 

25 plated as one of many metal layers that make up a semiconductor chip. However, in recent times, 
there is great interest in copper deposition for interconnects on semiconductor chips, because, 
compared to aluminum, copper reduces electrical resistance and allows semiconductor chips to run 
faster with less heat generation, resulting in a significant gain in chip capacity and efficiency. 
Furthermore, copper is known to be a better conductor than aluminum. 

30 Thin film plating of copper into sub-micron holes and trenches is becoming more difficult in 

ULSI chip processing, particularly when the feature size is below 0.25 \im with the aspect ratio 
greater than 5 to 1. Common chemical vapor deposition is being used to fill these holes and trenches 
etched into silicon substrates. Unfortunately, this process so far has yielded a very high cost for 
developing and integrating interconnects for ULSI technology. 

35 Accordingly, a more accurate, cost effective, and reliable manner of applying a conductive 

material to the semiconductor substrate is needed. 
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Summary of thelgvention 

Ttisanobjectof the present invent . provide a medtod and apparatus ~ H-~P- 

. conductive materia, on a semiconductor workpi«« -*» - *>™« "* — 

surface • 
'„ is another object of the invention » provide a method and apparatus that platts/depostts a 

conductive mart! on a workpiece surface using bnrsh platutg or electrochemical mectanca 

deposition and poshes the same workpiece surface using electropolishing or chemtcal mechamcal 

'""''""I, is a further object of the invention to provide a mefcod and apparatus having multiple 
chambers in a sing,e apparan* for piating/depositin, the conduct material and poiishmg the 

workpiece surface. - 
„ is ye, another object to provide a method and apparatus having novel pad assembl.es 

both plating/depositing the conductive material and polishing the workpiec. sortee. 

materia, on a workpiece surface without a pad or other fixed making direct contact with me 

workpiece surface. , 
These and other object of the invention are obtained by providing separate planng and 

platc/deposi. me conductive mate™, from an electron soluuon to the workptece surface. Th. 
lieved by providing a pad mounted on a cyhndrica, anode and app,ying th. conduce matenal to 
the workpiece surface using the elecnolyt. solution disposed on the pad, or through the pad. 

An apparatus that performs such plating includes an anode and a cathode, a workptece, . a 
v^iece thatisspacedap^from the anode. A pad mounted on the cylindrical «*"--*- 
. J axis and th. workpiece rotates about a second axis, and meta, from the e,ec*o*e solution * 
deposit on ft. workpiece when a potential difference is applied between the workprece and the 



25 

anode 



Alternative,,, the plating chamber may include an anode plate spacod apart from the cathode 
or ft. workpiece. Upon application of power to the an*, piate and the caftode, the *«*. 
solution dispose in me plating chamber is used to deposit the conductive materia, on the workptece 

M Mrf "' ta a polishing chamber, a pad is a,so mounted . another cylindrica, anode or a cylindrical 
ro „er for polishing the workpiece surface. Poiishing may be accompHshed using cite an 

pre™* -cumulation of the conductive material ,0 certain areasof ft. workp,ece whi,e proving a 

35 generally planar surface. 
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The present invention further describes novel anode assemblies having unique anode-pad 
arrangements that can be used to plate and/or polish the workpiece surface. 

Brief Description of the Drawings 
5 These and other objects and advantages of the invention will become apparent and more 

readily appreciated from the following detailed description of the presently preferred exemplary 
embodiment of the invention taken in conjunction with the accompanying drawings, of which: 

Fig. 1 illustrates a representative, via to be filled with a conductor in accordance with the 
invention; 

10 Fig. 2 illustrates a perspective view of a first preferred embodiment of the invention; 

Fig. 3 illustrates a cross sectional view of a first preferred embodiment of the invention; 
Fig. 4 illustrates a perspective view of a second preferred embodiment of the invention; 
Fig. 5 illustrates a cross sectional side view of a second preferred embodiment of the 
invention; 

15 Fig. 6 illustrates a perspective view of a first novel anode assembly in accordance with the 

preferred embodiment of the invention; 

Fig. 7 illustrates a cross sectional view of a first novel anode assembly in accordance with the 
preferred embodiment of the invention;. 

Fig. 8 illustrates a perspective view of a second novel anode assembly in accordance with the 
20 preferred embodiment of the invention; 

Fig. 9 illustrates a cross sectional view of a second novel anode assembly in accordance with 
the preferred embodiment of the invention; 

Fig. 10 illustrates a cross sectional view of a "proximity plating" apparatus and method in 
accordance with the preferred embodiment of the invention; 
25 Fig. 1 1 illustrates a cross sectional view of a substrate having various layers and grains 

disposed thereon; and. 

Figs. 12A-12B illustrate cross sectional views of a method for advantageously affecting the 
texture of a conductive material in accordance with the preferred embodiment of the invention.. 



30 Detailed Description of the Preferred Embodiments 

The preferred embodiments of the present invention will now be described with reference to 
Figs. 1-12. As noted above, conventional processing uses different equipment, at different times, to 
obtain conductive material within holes and trenches, or at other desired locations on the surface of a 
semiconductor wafer that contains many different semiconductor chips. Accordingly, the equipment 

35 cost needed to manufacture a high quality semiconductor integrated circuit device can be exorbitant. 
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«t^l ates different embodiments, which allow for the same 

apparatus, to be used to p. P ^ ^ ^ ^ ^ 

ho,es, - trenches, as - - ^ sulKd fM ^ ^ m the ^uctor, and f« use 

in m e fabrication of ULSImtegrateacircu ^ 

Furthermore, although a semiconductor wrfer wdl be «d de*n P 
embodiments of the present — other — «*— -* 

^^-^-^-^^rttTL lb.*-*-"--*- 

, ^r, W51 f er 2 where a via is to be formed, i ne via, « 

conductor arts, is a conductive materia, ft* electncan, ' » 4 ^ 

circuit chip. illustrates a cross sectional view of a first 

r- o illustrates a perspective view and Fig. 3 illustrates a cro> 

F.g. 2 illustrates pen*, conductive matenal, 

■ 

acenlerpartidonSO. 1M 100 each include an anooe assembly 12, 14 having . 

Tie first and second chambers 100, 200 each lu ^ , 

!5 « axis 2, and a wafer head assemUy 26 ^ ^ fc djrection ot arrow 30 

so that the center area of the wafer 2 c P , ^ an area 

30 , rea is within chambers ' .^^.^.^W.-ftU.l. 

shown as operating upon a single water, 

conMbeusedwi^present— ^ ^ § 

With reference , J* 3. a ^ „ ^ „ „ center and 

preferably circular, chuclc 36 w th a cavi* J ^ ^ ^ ^ ^ 

3S which cavity may contain a resting pad (not shown). 
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first, against the resting pad using a conventional type of transport or vacuum mechanism to ensure 
that the wafer 2 is stationary with respect to the wafer head assembly 26 while in use. A 
nonconductive retaining ring 40 such as an O-ring or other rubber type of seal at the periphery of the 
wafer head assembly 26 and a cathode contact electrode 38 each push against the edge of the wafer 2 

5 and hold the wafer 2 in place. The entire back side of the wafer 2 which pushes against the chuck 36 
that is under the retaining ring 40 is thus protected from any and all solutions, including electrolyte. 
Other conventional wafer head assemblies can be used in accordance with the present invention. 

Instead of using the cathode contacts 38 described above, the electric potential can be applied 
to the wafer using a ring conductor. Further, other methods of applying the electric potential to the 

10 wafer may be used in accordance with the present invention. For example, a liquid conductor or an 
inflatable tube coated with a conductive material may be used in the present invention. An example 
of using the liquid conductor or the conductive tube to provide the necessary electric potential 
according to the present invention is disclosed in the co-pending U.S. Application Serial No. 
09/283,024, Atty. Dkt. # 42496/0253036, entitled "Method And Apparatus For Forming an Electric 

15 Contact With a Semiconductor Substrate", commonly owned by the assignee of the present invention, 
the contents of which are expressly incorporated herein by reference. 

In accordance with the present invention, the first chamber 100 may be used for plating and 
the second chamber 200 may be used for polishing. The two chambers 100, 200 can be used inter- 
changeably where the first chamber 100 can be used for polishing and the second chamber 200 can be 

20 used for plating. As described earlier, the first chamber 100 includes the first anode assembly 12 for 
plating and the second chamber 200 includes the second anode assembly 14 for electropolishing. 
Electric potentials are applied to the anode 20, the anode 22 and the wafer 2. Any known method for 
providing the electric potentials to the two cylindrical anodes can be used in the present invention. As 
is known in the art, the difference in the amount of electric potential applied to each of the two 

25 cylindrical anodes 20, 22 determines which anode assembly is used for plating and which one is used 
for electropolishing. 

An electrolyte solution 11 is flowed from bottom openings 50 of the two chambers 100, 200 
until the solution 11 makes contact with the pads 16, 18. The electrolyte solution 11 is further 
circulated via side openings 52 to channel 54 to the bottom openings 50. The electrolyte solution 1 1 
30 can be originally fed into the first and second chambers 100, 200 via a reservoir (not shown) through 
an in-channel (not shown). 

In the first chamber 100, a first electric potential difference between the cylindrical anode 20 
and the cathode wafer 2 allows the metal in the electrolyte solution 11 to be plated on the wafer 
surface via pad 16. In the second chamber 200, polishing of the wafer is undertaken by a second 
35 electrical potential difference between the cylindrical anode 22 and the cathode wafer 2. 
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The ptaung process of the presen, i-en-ion en he indented .sing a b„sh pW« 
mchod or an Mectrochemica, mechanic, deposition" — ■ A - ™ ^ 

•,,ec«>chennea, mechanic., deposition" method • he found in the co-pend,n g U. . Apphc.™ 

common,, o«ne4 b, the assignee of -he P*sen. invention, me contents of wh,ch « express,, 
incoroorated herein by reference. 

The pohshmg process of the presen, invention ma, he im p,eme„.ed by w., of 

:;;te jl* - *. — . P .d *. . - — 

, in which a roller sander removes paints from a wall. 

me wafer 2 a. any given time. One or more drive assembhes (no, shown, are ..so inCuded » rota 

fc Lion of me wafer 2 ma, needs ,o he p,.*d and pohshed. The mectanca, pads 1V» - 
, preferahiy rr.de of a nonconductive, porous type materia, such a, polyuretane A,so the 

as they can effectively plate and/or polish the waYer. 

F ,g 4 iH— a perspecuve view and Fig. 5 • — — * « 

preferr* —en, of me presen, inven,io. The second preferred embodimen, is a,so mrpU- 

M chamber 300 is separated from me second chamber 400 hy a center par«,ou/wa„ 460. 

preferring ,o Hg. 5, me « charnher 300 mCude, an anode p,ate 30, on *e bo«om o 
*. chamber 300. An, xnown memo, for a«achi. g ,he anode p,ate 306 or shape to «he ottom » 
chamWr 300 ma, b. used. The so,u,io„ ,, is circu,.,ed vra Oram channeis 302 ,0 me 

2S bottom opening 304, or mrough me anode plate 306. 

The second chamber 400 inCudes a mechanic, pad 402 mourned on a cyhndnca, roHer 404 
for chemicai mechanic, fishing (CMP) of the wafer 2. A sha« 406 is used to route the ro W 
11 axis 408. CMP is a materia, potion .ocess mat combines chem,ca. » nov. of 

— r.r:— :rrrr ^srrr 

operation according to the second preferred embodiment of me invention me apparams 
35 The lode p, ,lde 306. When an eiechic curren, is es,ab„shed between *. ,wo erodes, meu, 
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in electrolyte is deposited on the surface of the wafer 2. 

After such deposition, there is also performed a mechanical chemical polishing of the wafer 2 
using the mechanical pad assembly 412. A polishing agent or slurry may be applied to the polishing 
pad 402 via slurry channel 410 to polish the wafer 2. A center wall 420 separating the second 

5 chamber 400 from the first chamber 300 should be sufficiently high so that the slurry does not enter 
the first chamber 300. Other conventional methods for preventing the slurry from entering the plating 
chamber 300 can be used in the present invention. The mechanical pad assembly 412 substantially 
prevents metals from becoming permanently deposited on surfaces of the wafer 2 where such a 
deposit is undesired, due to the polishing or rubbing action of the mechanical pad 402. Accordingly, 

10 metal, i.e. copper, is deposited in vias, trenches, and the like where desired, and is substantially 
prevented from being deposited in undesired areas such as the surface or field area on the wafer. 

The wafer head assembly 26 faces toward the mechanical pad assembly 412, and is pushed 
down with a controlled force. The wafer head assembly 26 is similar to that described with reference 
to Figs, 2 and 3 and rotates around axis 28 using a conventional motorized spindle (not shown). The 

15 wafer head assembly 26 is also adapted to move side to side in the direction of arrow 30 so that the 
center area of the wafer 2 may be plated and polished. 

The present invention may reduce the need for pulse generating power supplies because the 
mechanical-pulsing that is generated from the movement of the pad creates sufficient pulsing. This 
mechanical pulsing is created as a result of the wafer being in contact with the pad as it is moved in 

20 relation to the wafer. The benefit of the mechanical pulsing is that it improves grain size and copper 
film integrity without the need for power supplies with pulsing capabilities. 

It is noted that the scope of the present invention contemplates interchanging the plating 
methods and the polishing methods of the first and second preferred embodiments of the invention 
with each other. For example, the CMP method of the second preferred embodiment can be 

25 interchanged with the electropolishing method of the first preferred embodiment. Likewise, the 
plating method of the first embodiment can be interchanged with the plating method of the second 
embodiment. 

Although only two embodiments of the invention have been described in detail, the present 
invention can be implemented with any number of containers using various plating and polishing 
30 methods to achieve the objects of the invention. For example, three chambers may be used in the 
invention where the center chamber can be used for polishing while the left and right chambers can be 
used for plating/depositing. 

The invention as illustrated in Figs. 6-9 further describes a method and apparatus for intermit- 
tently applying the conductive material to the semiconductor substrate and also intermittently 
35 polishing the substrate when such conductive material is not being applied to the substrate. When 
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■—j *s . *. - * 7 — . - *- - « 

mo de asslbly in — - the invention. The anode assembly • ^ 

9 a n jl »x - — - - - - - — 504 u ti 

JL with the «*» Th. «^ « is further adapted to move s,de , tde v» 

ft. brushmg rf ». P- * *■ ^ ,,1S,, " 8 ~* 

electrolyte, and workpiece configuration. 

K8 . . illustrates • active view and Fig. . MM a — — ' <* » — 

m0 de assly » — whh - invention. Tb. anode — * «• 

formed in a don* or circular shape having a hole 606 <■ «• — ■ — - ^ 

^.ed on ft. anode 604 such ft. ft. pad 602 pn*udes fro. the surface - ft. a»ode 604. Wh. 
Lric P- is applied ,o ft. anode 604 a. the cathode woHtpiece «. • *■ ■ 

about a ft. axis 6,0 and the wo*piec« 802 rotates about a second „ 60*. « 
„ 802 is plated when ft. anode 604 is facing ft. workpiece 802 with no pad ,« between and* - 
ZZ when ft. pad 602 is in mechanical contact with the wo*piece 802. As descnbed above 
and polishmg results - - anode — * « because of ft. — - 
UhJc ff Lcausedb y *ebn J shin g offtepad602. g ains l ftewoH t piece surface. ~e« 

While operating .he anode assemblies in Figs. 6-9, the electrode or other solunon can be 
tatro d„ced to fte mechanical pads 502, 602 from a rc^voir (no. shown, located intimity to fte 
.odes 504, 604. In one speciftc embodiment, me anodes 504, 604 can have an m^rme ft. 
mcludespassagewayswithinthecenter of anodes 504, 604 a„dho,estha. are madetnthe anode 5H 
«M, which together provide a path for ft. solution to be fed to the gap between the anode and 
35 cathode Alternatively, the solution can be disused direct., onto the anode assembl.es 
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500, 600 through another channel in accordance with the methods described earlier herein. 

Additionally, as illustrated in Fig. 7, the electrolyte solution may be contained within a non- 
conductive chamber 530 that is created around the workpiece. O-rings and other conventional struc- 
tures, as described earlier herein, may be used to contain the solution within the chamber 530 in this 
5 embodiment. 

According to the invention, in any of the embodiments, since mechanical action is used to 
prevent undesired build-up of a conductor on undesired areas of a wafer surface, the need for leveling 
agents may be reduced, or needed in a smaller percentage than conventionally used. 

In a further embodiment, the novel anode assemblies illustrated in Figs. 6-9 can be used to 

10 primarily plate/deposit the conductive material on the workpiece surface without polishing the same 
surface. This is accomplished when the pad or other fixed feature is used only in proximity of the 
workpiece surface to improve electrolyte mass transfer. 

For example, Fig. 10 illustrates a cross sectional view of a "proximity plating" apparatus and 
method in accordance with the present invention. Fig. 10 illustrates a nonconductive chamber 700 

15 having the electrolyte solution 11 disposed therein. The chamber 700 includes the anode assembly 
500 having multiple strips of pad 502 or fixed features mounted, or machined onto the cylindrical 
anode 504. During operation, when the pad strips 502 are rotating about axis 510 and are spaced 
apart from the workpiece 802 (the pad strips 502 do not make direct contact with the workpiece 802), 
the workpiece 802 is plated using the electrolyte solution 11. The anode 510 and pad strips 502 

20 should preferably rotate at a rate such that the electrolyte solution 1 1 is continuous and is applied/ 
splashed to the workpiece 802, and thus forming a closed electrical circuit through the anode 
assembly 500, electrolyte, and the workpiece (cathode) 802. When a gap 800 is about 0-5 mm and 
contains a meniscus solution of electrolyte, a very high mass transport results, thereby depositing high 
quality metal films onto the workpiece surface. Moreover, depending on the type, shape, and 

25 structure of the pad or the fixed feature attached to the cylindrical anode 504, the gap 800 may be 
greater than 5 mm. 

In the embodiments described herein, the hardness of the pad or fixture is coupled with the 
relative speed of travel of the pad to the workpiece. Preferably, the pad should be porous and hard for 
optimal performance. 

30 The present invention may reduce the need for pulse generating power supplies because the 

mechanical pulsing that is generated from the movement of the pad relative to the face of the 
workpiece creates sufficient pulsing. This mechanical pulsing is created as a result of the wafer being 
in proximity with the pad as it is moved in relation to the workpiece. The benefit of the mechanical 
pulsing is that it improves grain size, filling efficiency of the contact holes, vias, and trenches, and 

35 copper film integrity without the need for power supplies with pulsing capabilities. 
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I claim: 

1 . An apparatus for plating and polishing a surface of a semiconductor workpiece, 
comprising: 

a first chamber having a plating device for plating the surface of the workpiece; 

a second chamber having a polishing device for polishing the surface of the workpiece; and 

a partition separating the first chamber from the second chamber. 

2. The apparatus according to claim 1, wherein the plating device comprises a pad 
mounted on a cylindrical anode. 

3. The apparatus according to claim 2, wherein the cylindrical anode is adapted to rotate 

about a first axis. 

4. The apparatus according to claim 1, wherein the plating device comprises an anode 
plate mounted in proximity to a bottom side of the first chamber. 

5. The apparatus according to claim 1 , wherein the polishing device comprises a pad 
mounted on a cylindrical anode. 

6. The apparatus according to claim 5, wherein the cylindrical anode is adapted to rotate 
about a first axis. 

7. The apparatus according to clainr 1, wherein the polishing device comprises a 
chemical mechanical polishing device. 

8. The apparatus according to claim 7, wherein the chemical mechanical polishing 
device comprises a pad mounted on a cylindrical roller. 

9. The apparatus according to claim 8, wherein the cylindrical roller is adapted to rotate 
about a first axis. 

10. The apparatus according to claim 1 further comprising an electrolyte solution 
disposed in the first and second chambers. 

11. The apparatus according to claim 1 further comprising a workpiece support adapted 
to support the workpiece during plating and polishing, wherein the workpiece support is adapted to 
rotate about a second axis and adapted to move from side to side. 

12. The apparatus according to claim 1, wherein the workpiece comprises one of a wafer, 
a flat panel, and a magnetic film head. 

13. A method of plating and polishing a surface of a semiconductor workpiece, the 
method comprising the steps of: 

plating a conductive material to the surface of the workpiece using an electrolyte solution 
disposed on the surface of the workpiece, the workpiece being disposed in proximity to an anode; and 

polishing the surface of the workpiece during at least certain of the times when the plating is 
not being performed. 
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predetermined area of a workpiece comprising the steps of: 

intermittently applying the conductive material to the workpiece using the electrolyte solution 
disposed on a surface of the workpiece, the workpiece being disposed in proximity to an anode; and 

polishing the workpiece during at least certain of the times when the intermittent application 
is not being performed. 

29. A method according to claim 28, wherein the workpiece comprises one of a wafer, a 
flat panel, and a magnetic film. 

30. An anode assembly for plating a semiconductor workpiece, comprising: 
an anode having an outer surface; and 

a plurality of pad strips or fixed features attached on the anode such that the plurality of pad 
strips protrude from the outer surface of the anode. 

3 1 . The pad assembly according to claim 30, wherein the anode is adapted to rotate about 

a first axis. 

32. The pad assembly according to claim 30, wherein plating is performed when the pad 
strips or fixed features are in proximity to the workpiece. 

33. The pad assembly according to claim 32, wherein the pad strips or fixed features are 
within 0-5 mm from the workpiece. 

34. . A method of plating a conductive material from an electrolyte solution to a surface of 
a workpiece comprising the steps of: 

continuously applying the electrolyte solution on the surface of the workpiece, the electrolyte 
solution being applied to the surface using an anode rotating about a first axis while generating a 
closed electrical circuit between the anode and the workpiece; and 

providing an electric potential between the anode and the workpiece. 

35. A method according to claim 34, wherein the anode includes an outer surface having 
a plurality of pad strips or fixed features attached thereon. 

36. A method according to claim 35, wherein the continuously applying step further 
includes the step of splashing or agitating the electrolyte solution near the surface using the plurality 
of pad strips or fixed features. 

37. A method according to claim 35, wherein the plurality of pad strips or fixed features 
are in close proximity to the surface of the workpiece. 

38. A method of depositing a conductive material from an electrolyte solution to a 
predetermined area of a workpiece containing a seed layer disposed thereon comprising the steps of: 

applying said conductive material over said seed layer of said workpiece using said 
electrolyte solution disposed on a surface of said workpiece, said workpiece being disposed in 
proximity to an anode; and 
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